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In UN-related climate observing systems, mountainglaciers are considered to be key indicators andunique demonstrators of global climate change. There
are two obvious reasons for this: everybody can see the
development in much less than a lifetime; and everybody
can qualitatively understand the physical processes
involved – snowfall and melting as a result of atmospheric
conditions. As the latter relates to energy fluxes from and
to the atmosphere, glaciers reflect the energy content in
the climate system. And they show it to everybody.
Science has to deliver quantitative information about
glacier developments in space and time. Glaciers have
indeed been observed in an internationally co-ordinated
way for more than a century. The United Nations
Environment Programme (UNEP) and the World Glacier
Monitoring Service (WGMS) recently issued a compilation
and assessment of such quantitative information from
long-term observations (Zemp et al. 2008). The overall
result is not at all comforting.
The most direct reaction of a glacier to changing climatic
conditions is its so-called mass balance, the difference
between income (snowfall) and expenditure (mostly
melting, sometimes avalanching on steep slopes or
calving into lakes or the sea). Annual or even seasonal
values must be measured in laborious fieldwork at
numerous points by digging snow pits and surveying
stakes drilled into the ice. In contrast to the more easily
observed but delayed and considerably more complex
length change (advance/retreat of glacier margins),
systematic mass balance measurements only started after
World War II. The measured value of mass balance (or
mass/volume change) is expressed as a positive or
negative thickness change averaged over the entire glacier
surface and given in metres of water equivalent (to correct
for differences in snow and ice density). The resulting
numbers can be directly compared between all glaciers at
all times. 
Since 2000, the mean loss of 30 reference mass balance
glaciers with uninterrupted time series in the network of
WGMS has increased to about twice the loss rates
observed during the two decades between 1980 and 1999
(Zemp et al. 2009). The previous record loss in 1998 has
already been exceeded three times (in 2003, 2004 and
2006) and the new record loss in 2006 is almost twice that
of the previous record loss in 1998. The mean annual loss
of -0.58m water equivalent for the decade 1996-2005 is
more than twice the value measured between 1986-1995 
Mountain glaciers are thinning at an ever-increasing rate. Wilfried Haeberli, Director of
the World Glacier Monitoring Service, looks at the science behind the shrinkage…
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Herbert Glacier in Southern Alaska
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(-0.25m) and more than four times that of the period 1976-
1985 (-0.15m). Satellite-based determination of average
loss rates of large glacier ensembles at lower time
resolution (the past decades) confirms this general trend.
Certain regions such as southern Alaska even suffered
from significantly higher losses. 
Historical documentation is especially rich in the
European Alps. Glaciers there have lost about half their
total volume (roughly -0.5% per year) between 1850 and
1975 (Haeberli et al. 2007). Another 25% (or -1% per year)
of the remaining amount has vanished between 1975 and
2000, and an additional 15-25% (or -2-3% per year) was
lost in only the first seven years of our century. The
melting out of the Oetztal ice man in 1991 clearly
demonstrated to a worldwide public that conditions in
the Alps has reached, if not exceeded, the ‘warm’ or
‘energy-rich’ limits of glacier and climate variability during
many thousand years before.
The few remaining exceptions of still growing glaciers are
rather well understood. Special flow conditions, for
instance, exist at Taku Glacier in the Juneau Icefield of
southern Alaska; this large glacier fills up, and re-
advances across, a fjord after large-scale historical retreat
from deep water. Glaciers in the wetter parts of Norway
and New Zealand, on the other hand, receive increased
winter precipitation. Despite such individual or regional
exceptions, rapid shrinkage predominates at a worldwide
scale; the observed rate of ice loss is even considerably
faster than what could be caused by human-induced
enhanced greenhouse effects alone. Self-reinforcing
processes, especially due to decreasing reflectivity
(albedo) of darkening glacier surfaces with retreating
snowlines and enhanced dust deposition from snow-free
surrounding slopes, have increasingly come into play 
and may already have induced runaway effects with
progressive destabilisation of entire glacier systems. 
Extrapolation of the observed trend using numerical
modelling approaches and relating to variable climate
scenarios with enhanced greenhouse effects leaves no
doubt that small to medium-size glaciers in many
mountain ranges are already likely to disappear within the
coming decades and that large glaciers may develop
extreme disequilibria. Signs of glacier downwasting and
disintegration rather than the more usual ‘retreat’ are
indeed more and more frequently observed. 
The formation of new lakes in many cases leads to rapid
collapse of affected glacier tongues. Such new lakes are
fascinating, constitute interesting new potential for
hydropower production and replace some of the
landscape attractiveness lost with the disappearing
glaciers. They are, however, situated in a destabilised
environment and constitute a large and growing hazard
potential, especially with respect to flood waves and 
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far-reaching debris flows in connection with moraine
breaching or triggered by rock falls from de-glaciated
slopes, which also often contain degrading permafrost.
The related technical, economic and ecological questions
need – and increasingly receive – full attention.
The most serious impact of vanishing mountain glaciers
undoubtedly concerns consequences for the water cycle
at regional to global scales. Glacier melting will probably
dominate sea-level rise during our century (Meier et al.
2007) and the seasonality of runoff in vast areas
surrounding mountains will dramatically change due to
the combined effects of less snow storage in winter, earlier
snow melt in spring and decreasing glacier melt in
summer. An estimated one billion people – not only in
Asia and the Americas but also in central and southern
Europe – directly depend on snow/glacier melt water
during the dry season (UNEP 2007). The lack of water
resources during extended future droughts caused by
changing snow and ice conditions in high mountain
ranges has the potential of seriously
affecting economics and living
conditions for them.
Problems during the warm/dry season
include lower resources on the supply
side with long-lasting discharge
minima and low flow velocities in
rivers, lower lake and groundwater
levels, higher water temperatures,
perturbed aquatic systems and less
power production as well as increasing
needs on the demand side for water 
in households, agriculture/irrigation,
power production and firefighting. The
reinforcing effect from the coupling
between less supply and increasing
demand holds a potential for many
conflicts. Together with warmer air
temperatures, increased evaporation
and changing snow conditions, the
vanishing of mountain glaciers could
dramatically sharpen fundamentally
important questions: who owns the
water and who will decide on priorities
of its use?
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Fig. 1
Fig. 2
Evolution of annual (Fig. 1) and cumulative (Fig. 2) glacier mass balances. Data from the World
Glacier Monitoring Service
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